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INTRODUCTION 

.I A l l  coal l i q u e f a c t i o n  p r o c e s s e s  i n v o l v e  t h e r m a l  c r a c k i n g  of  
weak bonds i n  coal t o  form r a d i c a l  f ragments  which are s t a b i l i z e d  
by a b s t r a c t i n g  hydrogen atoms from a donor  s o l v e n t .  The a c t i v i t y  
of t h e  hydrogen donor  s o l v e n t  i s  main ta ined  by f u r t h e r  hydrogena- 
t i o n  of a r e c y c l e d  f r a c t i o n .  Thus, t h e  costs of  hydrogen comprise  
a major expense i n  any l i q u e f a c t i o n  p r o c e s s  e s p e c i a l l y  i f  pure  

demonstrated t o  b e  a p o t e n t i a l  hydrogen s o u r c e  fo r  a few chemical  
p r o c e s s e s ,  such a s  se lec t ive  r e d u c t i o n  of NO t o  hydroxyl  amine 1 1 1  
and r e d u c t i o n  of n i t r o a r o m a t i c s  t o  amines The e f f e c t  of  H2S 
on c o a l  l i q u e f a c t i o n  i n  t h e  p r e s e n c e  of  hydrogen donor s o l v e n t s  
and under H a tmosphere h a s  been r e p o r t e d  t o  i n c r e a s e  t h e  c o a l  
convers ion  80 s o l u b l e  p r o d u c t s  [3 ,41 .  
l a t t e r  c a s e s  was n o t  t h e  main s o u r c e  of  hydrogen b u t  a c t e d  a s  a 
promoter i n  t h e  p r e s e n c e  o f  hydrogen donors  and e l e m e n t a l  H 2 .  
I n  o r d e r  t o  u t i l i z e  t h e  i n h e r e n t  hydrogen v a l u e  of  hydrogen s u l f i d e ,  
w e  s t u d i e d  t h e  e f f e c t  o f  H S and CO on c o a l  l i q u e f a c t i o n  i n  t h e  
absence  of  o t h e r  hydrogen s o u r c e s .  A m o r e  d e t a i l e d  s t u d y  of t h i s  
chemis t ry  was achieved  by t h e  u s e  of c o a l  t a r ,  a m a t e r i a l  t h a t  
c o n t a i n s  many of t h e  b a s i c  s t r u c t u r a l  f e a t u r e s  o f  c o a l  i t s e l f .  
The o b j e c t i v e  of  t h i s  s t u d y  h a s  been t o  u t i l i z e  low grade  indus-  
t r i a l  hydrvgen streams, p a r t i c u l a r l y  t h o s e  produced v i a  coal 

HZS, CO, C 0 2 ,  COS and NH3. 
d i r t y  streams i n  t h e  f i r s t  s t a g e  o f  c o a l  l i q u e f a c t i o n  w i l l  a l l e v i a t e  
a number of  expens ive  p r o c e s s  s t e p s  i n  t h e  c l e a n i n g  of  syngas.  

I H i s  used. Hydrogen s u l f i d e ,  a by-product  of  a n e g a t i v e  v a l u e  
I fgom t h e  c l e a n i n g  o f  n a t u r a l  g a s ,  c r u d e  o i l  o r  c o a l ,  h a s  been 

[27.  

Hydrogen s u l f i d e  i n  t h e s e  
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j g a s i f i c a t i o n  which c o n t a i n  a l a r g e  v a r i e t y  o f  i m p u r i t i e s  i n c l u d i n g  
U t i l i z a t i o n  of  t h e  H2S/C0 from such 

EXPERIMENTAL 

1. The coal l i q u e f a c t i o n  exper iments  w e r e  c a r r i e d  o u t  i n  a 316 SS, 
300 mL Magnedrive, p a c k l e s s ,  s t i r r e d  a u t o c l a v e  (Autoc lave  Engineer ,  
I n c . ) ,  f i t t e d  w i t h  a 1 2 0 0  w a t t  h e a t i n g  j a c k e t .  The coal w a s  
p u l v e r i z e d  t o  -60 mesh and d r i e d  under  n i t r o g e n  i n  a vacuum oven 
a t  100OC. The c o a l  sample ( 2 0  g ) ,  s o l v e n t  (80  9 of  l-methyl- 
naphtha lene  or t e t r a l i n )  and a c a t a l y s t  ( 2  g ) ,  i f  r e q u i r e d ,  w e r e  
charged i n t o  t h e  a u t o c l a v e .  The a u t o c l a v e  w a s  f l u s h e d  and p r e s s u r e  
t e s t e d  w i t h  n i t r o g e n ,  t h e n  charged w i t h  1655 kPa o f  H S ( a b o u t  4.5 9)  
and t o  6894 kPa w i t h  CO. 
f o r  2 hours  w h i l e  s t i r r i n g ,  t h e n  quenched u t i l i z i n g  a c o l d  water  
c o o l i n g  c o i l .  The c o n t e n t s  o f  t h e  r e a c t o r  were t r a n s f e r r e d  i n t o  
a n  e x t r a c t i o n  t h i m b l e  and e x t r a c t e d  w i t h  e t h y l  acetate  f o r  2 4  hours .  
The th imble  was d r i e d  i n  a vacuum oven and t h e  weight  of t h e  r e s i d u e  

The r e a c t i o n  was c a r r i e d  ouz a t  400°C 
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w a s  determined.  Conversion i s  d e f i n e d  as  t h e  p e r c e n t a g e  of  t h e  
o r g a n i c  mat te r  i n  coal t h a t  w a s  c o n v e r t e d  t o  e t h y l  a c e t a t e -  
s o l u b l e s  and g a s e s  on a d r y  a s h - f r e e  b a s i s .  The e x t r a c t  w a s  
s t r i p p e d  of  e t h y l  acetate and t h e  a s p h a l t e n e s  were p r e c i p i t a t e d  
by adding 800 mL of pentane .  The s u l f u r  c o n t e n t s  o f  t h e  
a s p h a l t e n e s  w e r e  determined by Eschka method (ASTM D-271). 

and CO (6894 kPa) .  
2 hours  w h i l e  s t i r r i n g .  
were i s s o l v e d  i n  C D C l  , f i l t e r e d ,  t h e n  s u b j e c t e d  t o  b o t h  H-nmr 
and ' 'C-qf  a n a l y s i s .  30ne exper iment  w a s  c a r r i e d  o u t  u s i n g  60% 
e n r i c h e d  CO i n  a m i c r o r e a c t o r  c o n s i s t i n g  o f  a 30 mL s t a i n l e s s  
steel  v e s s e l  (Hoke) connec ted  to  a mani fo ld  and f i t t e d  w i t h  a 
magnet ic  stirrer and a h e a t i n g  j a c k e t .  The re t i o n  w a s  c a r r i e d  
o u t  a t  35OoC, 1655 kPa of H2S and 5515 kPa of %O f o r  6 hours .  
The c o n t e n t s  t h e  v e s s e l  were e x t r a c t e d  w i t h  C D C l  , f i l t e r e d  and 
s u b j e c t e d  t o  "C nmr. During t h e  c o u r s e  of  t h e  coa? t a r  t r e a t m e n t  
any hydrogen-containing s o l v e n t s  were c a r e f u l l y  exc luded .  

The a u t o c l a v e  w a s  t h e n  h e a t e d  a t  4 8 O o C  f o r  
Small  a l i q u o t s  of t h e  product  m i x t u r e  

Y 
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SUlfided Co-Mo on y-A1 0 (Run 4 )  or ammonium molybdate ( impregnated 
on t h e  coal, Run 5)  d i a  d o t  c a u s e  s i g n i f i c a n t  change i n  convers ion ,  
it d i d  d e c r e a s e  t h e  s u l f u r  c o n t e n t  s l i g h t l y .  When a l a r g e  e x c e s s  
of H2S was used  w i t h  t h e  s a m e  amount o f  CO, a h i g h e r  convers ion  w a s  
ach ieved  w i t h  a s l i g h t  i n c r e a s e  i n  t h e  s u l f u r  c o n t e n t  (Run 7 ) .  

L i q u e f a c t i o n  of coal h a s  been s t u d i e d  w i t h  m i x t u r e s  of CO 
and H 0 by several groups  w i t h  t h e  main e f f o r t  now involved  i n  
t h e  C~STEAM p r o c e s s  IS]. A comparison of  H2S/C0 v e r s u s  H20/C0 
w a s  c a r r i e d  o u t .  In  t h e  absence  o f  a hydrogen donor s o l v e n t ,  
H S/CO was found t o  be  more e f f e c t i v e  f o r  coal l i q u e f a c t i o n  (38.2%) 
t g a n  H20/C0 (28%) under  t h e  same c o n d i t i o n s  (Runs 3 and 8 ) .  

t h e  presence  of e i t h e r  a n  i n e r t  s o l v e n t  (1-methylnaphthalene)  or a 
hydrogen donor s o l v e n t  ( t e t r a l i n )  are  shown i n  Table  2 .  I n  agree-  
ment w i t h  p r e v i o u s  d a t a ,  t h e  l i q u e f a c t i o n  i n  t h e  p r e s e n c e  of  H S 
and CO i n  a n  i n e r t  s o l v e n t  i n c r e a s e d  t h e  c o n v e r s i o n  t o  59.5% (4un 
10) r e l a t i v e  t o  a b lank  experiment  (38.5% c o n v e r s i o n ,  Run 9 ) .  The 
u s e  of  c a t a l y s t  d i d  n o t  i n f l u e n c e  t h e  c o n v e r s i o n  or t h e  s u l f u r  
Content .  
n o n c a t a l y t i c  or c a t a l y z e d  by t h e  i n o r g a n i c  m i n e r a l s  i n  c o a l .  The 
u s e  of a hydrogen donor s o l v e n t  gave a h i g h e r  c o n v e r s i o n  and 
s l i g h t l y  lower s u l f u r  c o n t e n t  t h a n  t h e  u s e  of a n  i n e r t  s o l v e n t  
(Run 1 2  v s .  Run 9 ) .  Furthermore,  t h e  u s e  of  H S/CO enhanced t h e  
coal l i q u e f a c t i o n  i n  t h e  p r e s e n c e  o f  a hydroge& donor a s  e v i d e n t  
from t h e  r e s u l t s  i n  Table  2 .  

The r e s u l t s  o f  l i q u e f y i n g  I l l i n o i s  N o .  6 Delta Mine coal i n  

T h i s  i n d i c a t e d  t h a t  t h e  r e a c t i o n  of H2S/C0 was e i t h e r  

Coal t a r  was used as a c o a l - l i k e  m a t e r i a l  i n  o r d e r  t o  examine 
t h e  n a t u r e  o f  H2S/C0 i n t e r a c t i o n  on c o a l  l i n k a g e s .  Although w e  
d o  n o t  imply t h a t  c o a l  t a r  i s  a model f o r  coal,  it d o e s  c o n t a i n  
many of  t h e  s t r u c t u r a l  components i n  t h e  o r i g i n a l  coal and has  t h e  
added advantage  of  g r e a t e r  s o l u b i l i t y  i n  ch loroform.  

Coal t a r  samples  w e r e  t r e a t e d  w i t h  H S/CO i n  t h e  presence  
of  s u l f i d e d  Co-Mo n A 1  0 c a t a l y s t s  u n d e l  s imilar  l i q u e f a c t i o n  
c o n d i t i o n s .  
change i n  hydrogen and carbon d i s t r i b u t i o n  i n  coal t a r  as a r e s u l t  
of H S/CO t r e a t e m e n t .  Examination of  t h e  r e s u l t s  i n  Table  3 demon- 
s t r a g e d  a s u b s t a n t i a l  i n c r e a s e  i n  t h e  c o n t e n t  of t h e  a l i p h a t i c  
p r o t o n s  from 5.3% f o r  t h e  t a r  h e a t e d  under  n i t r o g e n  t o  15.9% f o r  
t h e  t a r  t r e a t e d  w i t h  H S/CO. A s imi l a r  i n c r e a s e  i n  he a l i p h a t i c  
carbon c o n t e n t  from 4 . 3 %  t o  6 .6% w a s  observed .  The 'H-nmr s p e c t r a  
of both n i t r o g e n -  and H2S/CO-treated c o a l  i n d i c a t e d  t h a t  t h e  major 
change i n  t h e  a l i p h a t i c  hydrogen was due t o  f u n c t i o n a l  a ry l -methyl  
groups ( s i n g l e t s  a t  62.33-2.5 ppm) and t h e  g e n e r a t i o n  of  e t h y l e n i c  
l i n k a g e s  between aromat ic  r i n g s  ( s i n g l e t s  a t  63.3 ppm) such as 
acenaphthene or d ihydrophenanthrene  s t r u c t u r e s .  The appearance  of 
a ry l -methyl  groups  w a s  q u i t e  i n t r i g u i n g  s i n c e  it i n d i c a t e d  t h e  
p o s s i b i l i t y  o m e t h y l a t i n g  c o a l  t a r  o r  coal u s i n g  a m i x t u r e  of 
H s/co. The f3C-nmr h a s  s u b s t a n t i a t e d  t h i s  o b s e r v a t i o n  by i n d i -  
c g t i n g  t h e  appearance  of s i n g l e t  peaks  around 622.0 and 30.3 ppm 
due t o  a ry l -methyl  and d ihydrophenanthrene  s t r u c t u r e s .  The use  
of 1 3 ~ 0  and H2S c l e a r l y  shobed t h e  i n c o r p o r a t i o n  of  I 3 C H 3  groups  

Both 'H an$ 313C-nmr were used t o  e v a l u a t e  t h e  g r o s s  
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as e v i d e n t  from t h e  s u b s t a n t i a l  i n c r e a s e  i n  t h e  a l i p h a t i c  carboy 
from 6.6% t o  12.1% when CO o r  I 3 C O  was used r e s p e c t i v e l y .  
nmr a l s o  i n d i c a t e d  a major  i n c r e a s e  i n  t h e  r eg ion  of 6 1 8 . 5 - 2 2  ppm 
i n d i c  i v e  of a ry l -methyl  groups  as a r e s u l t  of t r e a t i n g  c o a l  tar 
wi th  "C0/H2S. 

The 3C- 

D I S C U S S I O N  

The above r e s u l t s  show t h a t  t h e  p re sence  of CO w i t h  H S i s  
r e q u i r e d  t o  ach ieve  s u b s t a n t i a l  hydrogenat ion  and/or  methy2at ion 
of c o a l  wi th  H S. Hydrogen t r a n s f e r  t o  c o a l  may invo lve  n a s c e n t  
hydrogen o r  o t z e r  s i m i l a r  i n t e r m e d i a t e s  t h a t  have been cons ide red  
i n  CO/H20 r e d u c t i o n  of c o a l .  The weaker bond energy of H-S bonds 
i n  H S v e r s u s  H-0 bonds i n  H 2 0  undoubtedly p r o v i d e s  one advantage  
f o r  3ydrogen t r a n s f e r  from H S. 
t y p e  r e a c t i o n  which can  occu? w i t h  H2S/C0 ove r  s u l f i d e d  c a t a l y s t s  
t o  produce e l emen ta l  H2 161. 

s h i f t  r e a c t i o n  € o r  H2S/C0 i s  h i g h l y  un favorab le  as compared t o  
t h e  s h i f t  r e a c t i o n  f o r  H20/C0.  

One must a l s o  c o n s i d e r  a s h i f t  

While H 2 S  has a much lower h e a t  of format ion  than  w a t e r ,  a 

CO + H 2 0 + C O 2  + H 2 ,  AGGsoOoK = -3.99 Kcal/mole 

CO + H 2 S S C O S  + H 2 ,  AG6000K = +3.86 Kcal/mole 

(1) 

( 2 )  

A more l i k e l y  mechanism f o r  hydrogen t r a n s f e r  i nvo lves  s p l i t t i n g  
of H S t o  g i v e  a hydrogen atom o r  a b s t r a c t i o n  of hydrogen atom 
from H 2 S  by t h e  c o a l  r a d i c a l  f r agmen t s  fo l lowed by t r app ing  t h e  
t h i y l  r a d i c a l  w i th  CO t o  form a t h io fo rmyl  r a d i c a l .  The l a t t e r  
i s  a be' t ter  hydrogen donor  t h a n  H 2 S  i t s e l f  r e s u l t i n g  i n  t h e  
format ion  of COS. 

2 

Scheme I 

\ H 
+ 'SH 1 P Or 1. + H2S- 7. Or A" ( 3 )  

' S H  + C O G  HS-'CO ( 4 )  

The a b i l i t y  o f  H S/CO t o  me thy la t e  a romat i c s  on ly  i n  t h e  
p re sence  of a s u l f i d e 2  c a t a l y s t  s u r f a c e  may a l s o  invo lve  a 
th io fo rmyl  i n t e r m e d i a t e .  W e  c u r r e n t l y  f e e l  t h a t  t h io fo rmyl  c a t i o n s  
o r  r a d i c a l s  on an a c t i v e  me ta l  s u l f i d e  s u r f a c e  a t t a c k  a romat i c  
r i n g s  which a r e  e l e c t r o n  r i c h .  Subsequent  hydrogenat ion  of t h e  
th io fo rmyl  group appea r s  t o  l e a d  t o  t h e  a ry l -methyl  product  i n  a 
c o a l  o r  coal tar. While me thy la t ion  wi th  H 2 S / C 0  p robably  b e a r s  
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resemblance t o  t h e  formate mechanisms proposed e a r l i e r  by Friedman, 
e t  a1 [71, f u r t h e r  i n v e s t i g a t i o n  of t h i s  area i s  n e c e s s a r y  t o  
make any a c c u r a t e  conc lus ions .  

C ONC LUS 10% 

This  i n v e s t i g a t i o n  h a s  shown t h a t  t r e a t m e n t  of coal w i t h  a 
mixture  of H S and CO a l l o w s  t h e  l i q u e f a c t i o n  of c o a l  t o  a n  e t h y l  
a c e t a t e  s o l u g l e  mater ia l .  
r e s u l t s  i n  b o t h  hydrogenat ion and m e t h y l a t i o n  03 c o a l  f ragments .  
While t h e  mechanism h a s  n o t  been f u l l y  e s t a b l i s h e d ,  t h e  a b i l i t y  
of t h i s  r e a g e n t  t o  s o l u b i l i z e  c o a l  i n  t h e  absence  of hydrogen and/or 
a donor s o l v e n t  w i l l  al low r e d u c t i o n  i n  t h e  r a w  material  cost of 
hydrogen i n  f u t u r e  l i q u e f a c t i o n  processes. 

The i n t e r a c t i o n  of H S/CO w i t h  c o a l  
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TABLE 1. Dean Mitchell Coal Solubilization with H2S, CO at 
400T for 2 hours 

Reactants, Conversion 
- Run Solvent Catalyst ( %  daf) Sulfur (a) 

1 1-methylnaphthalene N2 

3 H2S/C0 

2 0 H2S/N2 

4 

12.5 3.36 
18.0 6.34 
38.2 4.33 
37.1 3.86 

~ ~ S ( 2 5  g)/CO, 46.6 4.85 
Co/Mo (b) 
H20/C0 28.0 4.03 

(a) Total sulfur in asphaltene. 
(b) Sulfided Harshaw HT-4OOE. 3% Co, 12% Mo oxides on A1203. 
(c) Wet impregnated on the coal followed by vacuum drying. 
(d) H20 quantity was 2.4 g, to provide same molar quantity as 

4.5 g of H S. Pressure at ambient temperature was brought 
to 6894 kP2 with CO. 

TABLE 2. Delta Mine, Illinois No. 6 Coal Solubilization at 
4OOOC for 2 hours 

Reactants, Conversion 
- Run Solvent Catalyst ( %  daf) Sulfur (a) 

9 1-methylnaphthalene N2 
10 H S/CO 
11 

12 tetralin 
13 

38.5 2.73 
59.5 2.78 

H2S/C0, 58.5 2.70 
~ 

cO/MO/K~CO~ (b) 

N2 73.5 2.53 
HZS/CO, 83.0 2.48 
Co/Mo/K2C03 (b) 

(a) Total sulfur in asphaltene. 
(b) Sulfided Harshaw HT-4OOE. 3% Co, 12% Mo oxides on A1203. 
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TABLE 3. NMR Data of Coal Tar Reaction with 
H S/CO -2- 

Aliphatic Aromatic 
n C H C - -  - -  Reactants 

Coal tar, N ~ ( ~ )  5.3 4.4 94.74 95.6 

Coal tar, HZS, 15.9 6.6 84.09 93.4 
co (a) 
Coal tar, HZS, 12.7 12.1 81.17 87.9 
13c0 (b) 

(a) Reaction was carried out in 300 mL autoclave 
at 4OO0C, 6894 kPa ambient pressure for 2 hours 
in the presence of 5% Harshaw HT-400E sulfided 
catalyst. 

(b) Reaction was carried out in 30 mL microreactor 
at 4OO0C, 5515 kPa ambient pressure for 6 hours 
in the presence of 5% Harshaw HT-400E sulfided 
catalyst. 
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PILOT UNIT EVALUATION OF EXXON DONOR SOLVENT (EDS) PROGRAM COALS. 
S .  J. Hsia and K. L. Trachte. Exxon Research and Engineering Company, P. 0. Box 

Two Recycle Coal Liquefaction Units ( R C L U ' s )  are employed as a research and 

G. H .  Anderson, 

4255, Baytown, Texas 77520. 

development tool t o  evaluate the performance of the Exxon Donor Solvent (EDS) coal 
liquefaction process w i t h  various program coals. 
100 pounds-per-day) integrated,  continuous flow units w i t h  solvent recycle a re  used t o  
evaluate new coals, inyestigate process modifications and conduct process variable 
studies. The R C L U ' s  have been used t o  generate data for  overall process yields and t o  
provide information on operabili ty trends for  a variety of coals ranging i n  r a n k  from 
l ign i t i c  through subbituminous t o  bituminous. We have found tha t  the EDS process can 
be operated successfully throughout th i s  range of coal r a n k .  Optimum yie lds ,  and Lhe 
conditions a t  which these y ie lds  a re  achieved, are strongly dependent on the specific 
coal. 
total  l iquid yield,  as well as a l igh ter  l iquid product s l a t e  may be achieved. 
Operability trends a re  related t o  coal rank, with generally be t te r  operabili ty obtained 
w i t h  higher rank coals. Yield and operabili ty information from the R C L U ' s  are used t o  
select  preferred operating conditions fo r  the larger (one ton-per-day and 250 ton-per- 
day) p i lo t  p l z n t s  j n  prepara t io i  f e r  fctl-lre comnerciz! operzt ion.  

These small (50 pounds-per-day and 

Recent process improvement operations have shown s ign i f icant  improvements in 

8 
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EFFECTS OF SOLVENT HYDROGEN CONTENT IN THE SRC PROCESS. 
Edwin N. Givens, Corporate Research and Development Department, Air Products and 

Five coal-derived solvents containing between 6.2 and 9.5% hydrogen were compared 

Ronald W .  Skinner and 

Chemicals, Inc., P. 0. Box 538, Allentown, PA 18105. 

as once-through SRC process solvents i n  a continuous flow u n i t  equipped with a s t i r red  
tank reactor (CSTR). 
hydrogen content. Coal conversion to  pyridine soluble products was insensit ive to  sol- 
vent hydrogen; b u t  the y ie ld  of toluene solubles decreased significantly with hydrogen- 
deficient solvents. The yields of l iquid products and hydrocarbon gases were a l so  
reduced with hydrogen-deficient solvent. 
examined i n  solvent recycle experiments using 8.7% H and 6.2% H s ta r t ing  solvents. 
After f ive  passes, the recovered solvents had not reached equilibrium, as determined 
by differences i n  hydrogen content, fraction aromatic hydrogen, and average ring num- 
ber. However, these differences i n  solvent composition did not a'ffect the product 
yields. 

Gaseous hydrogen consumption varied inversely w i t h  the solvent 

The approach to  solvent equilibrium was 
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CONTINUOUS HYDROLIQUEFACTION TESTS OF AUSTRALIAN BROWN COAL 

N . V . P .  K e l v i n ,  B.P.K. Lim a n d  P.W. F r e d r i c k s o e  

A u s t r a l i a n  Coal  I n d u s t r y  R e s e a r c h  L a b o r a t o r i e s  L t d . ,  
P.O. Box 8 3 ,  Nor th  Ryde. N.S.W, 2113 .  A u s t r a l i a .  

INTRODUCTION 

The A u s t r a l i a n  s t a t e  o f  V i c t o r i a  p o s s e s s e s  huge p r o v e n  r e s e r v e s  ( 6 6 . 7  x l o 9  t o n n e s )  
of  brown c o a l  v h i c h  have  b e e n  shown (1-3)  t o  b e  h i g h l y  s u i t a b l e  f o r  h y d r o g e n a t i o n  
t o  l i q u i d  f u e l s .  P r e v i o u s  ACIRL ( 3 )  b a t c h  a u t o c l a v e  t e s t s  on V i c t o r i a n  brown c o a l  
g a v e  t o l u e n e - s o l u b l e  l i q u i d  y i e l d s  o f  61% when h y d r o g e n a t e d  i n  t e t r a l i n  a t  4000C 
f o r  4 h o u r s  a t  hydrogen  p r e s s u r e  of  a r o u n d  21 MPa. Moreove r ,  h i g h  y i e l d s  o f  o i l  
h a v e  been  r e p o r t e d  ( 4 )  f o r  t h e  h y d r o g e n a t i o n  o f  German brown c o a l s  (similar t o  t h e  
V i c t o r i a n  v a r i e t y )  i n  l a r g e - s c a l e  c o n t i n u o u s  o p e r a t i o n s .  

H y d r o l i q u e f a c t i o n  tes ts  on a V i c t o r i a n  brown c o a l  i n  ACIRL‘S 1 kg/hr  c o n t i n u o u s  
r e a c t o r  u n i t  a r e  r e p o r t e d  h e r e .  The u n i t  a n d  s u p p o r t i n g  equ ipmen t  have  b e e n  
d e s c r i b e d  e a r l i e r  (5) w i t h  r e f e r e n c e  t o  b l a c k  c o a l  h y d r o g e n a t i o n  tes ts .  

CONTINUOUS R E A C T O R  OPERATIONS 

The brown c o a l  s a m p l e  was f r o m  a s t e a m - d r i e d  b a t c h  of  run-of-mine brown c o a l  t h e n  
exposso  t o  a m b i e n t  room c o n d i t i o n s  f o r  s e v e r a l  h o u r s .  The c o a l  was t h e n  c r u s h e d  
a n d  s c r e e n e d  t o  p a s s  .075 mrn and s t o r e d  i n  p o l y e t h y l e n e  b a g s  u n t i l  r e q u i r e d .  
E q u i l i b r a t e d  m o i s t u r e  c o n t e n t s  d e t e r m i n e d  by  t h e  Dean a n d  S t a r k  ( b o i l i n g  t o l u e n e )  
method were i n  t h e  r a n g e  11-165. 

The c o n d i t i o n s  u n d e r  wh ich  t h e s e  t e s t s  were r u n  ‘were - 
S l u r r y  s o l v e n t / c o a l  r a t i o  1 .68  - 2 . 0  : 1 
51-rz;. f e e d  r a t e  0.7 - 1 . O  kg/hr  
Hydrogen f e e d  r a t e  BE - 92 g/h 

T e m p e r a t u r e s  : 
C a t a l y s t  % Coal 0 - 4.3  

P r e h e a  t e r  25 - 450 C 
R e a c t o r  25  - 430 C 

P r e h e a t e r  t u b e  d i m e n s i o n s  6 - 25  m l o n g  x 6 mm I .D.  
x 9.5mm O.D. 

R e a c t o r  volume 3 .5  L 

T a b l e  1 g i v e s  f u r t h e r  r u n  d e t a i l s .  
The r e a c t o r  i n t e r n a l  c o n f i g u r a t i o n  i s  shown i n  t h e  f i g u r e .  
d i v i d e d  i n t o  t h r e e  s t i r r e d  c o m p a r t m e n t s  i n  an  e f f o r t  t o  i n c r e a s e  t h e  number o f  
CSTR s t a g e s  w i t h  m i n i m a l  i n t e r s t a g e  b a c k m i x i n g ,  a n d  t h u s  t o  a p p r o a c h  p l u g  f l o w  
which  is known t o  be  more e f f e c t i v e  f o r  a g i v e n  r e a c t o r  volume.  

OPERABILITY 

Feed  s l u r r y  s o l v e n t / c o a l  r a t i o s  were l i m i t e d  t o  a b o v e  1 . 6 8  : 1 a s  t h i c k e r  s l u r r i e s  
c o u l d  n o t  b e  pumped s a t i s f a c t o r i l y .  
t h a t  t h i c k e r  s l u r r i e s  c o u l d  more r e a d i l y  b e  h a n d l e d .  
o b t a i n e d  a t  t h i s  s m a l l  s c a l e  may b e  a f f e c t e d  by t h e  low f e e d  s l u r r y  c o a l  c o n c e n t -  
r a t i o n s  t h a t  c o u l d  be a c h i e v e d .  

P r o d u c t  s l u r r y  l e t -down  v a l v e s  o p e r a t i n g  w i t h  pressure d r o p s  o f  up t o  21 MPa down 
t o  a t m o s p h e r i c  h a v e  s u r v i v e d  l o n g e r  ( o v e r  200  h o u r s )  i n  brown c o a l  s e r v i c e  t h a n  i n  
b l a c k  c o a l  r u n s  (50-100 h o u r s ) .  T h i s  i s  most  l i k e l y  t h e  r e s u l t  o f  l o w e r  a s h  con-  
t e n t s  a n d  l o w e r  p e r c e n t a g e s  of  h a r d  m a c e r a l s  i n  brown c o a l .  

P r e h e a t e r  t u b e  b l o c k a g e s  h a v e  been  e n c o u n t e r e d  i n  e v e r y  run w i t h  brown c o a l .  We . 
o b s e r v e d  t h a t  h i g h  t e m p e r a t u r e s  t e n d e d  t o  a c c e l e r a t e  d e p o s i t i o n  o f  m i n e r a l  m a t t e r  
a n d  c o k e  on t h e  p r e h e a t e r  w a l l .  D e p o s i t i o n  o f  s o l i d  c o k e - s a l t  m a t e r i a l s  i n  p r e -  
hea . t e r s  a l s o  a p p e a r s  t o  b e  a p r o b l e m  f o r  o t h e r  w o r k e r s  i n  b r o w n . c o a 1  a n d  l i g n i t e  

The r e a c t o r  h a s  been  

A t  l a r g e r  s c a l e s  o f  o p e r a t i o n  i t  is l i k e l y  
A c c o r d i n g l y ,  t h e  d a t a  
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h y d r o g e n a t i o n .  
o u r  p r e h e a t e r  s o l i d s .  However t h e  o r i g i n a l  d e p o s i t  t h a t  e v e n t u a l l y  c a u s e d  a 
b l o c k a g e  c o u l d  n o t  a l w a y s  b e  found  b e c a u s e  p r e h e a t e r  c o n t e n t s  t e n d e d  t o  c o k e  a l o n g  
t h e  whole l e n g t h  when f l o w  s t o p p e d .  The o r i g i n a l  h i g h - c a l c i u m  d e p o s i t  was t h e n  
On ly  l o c a t a b l e  by  l a b o r i o u s l y  c u t t i n g  t h e  who le  p r e h e a t e r  i n t o  many s e c t i o n s  a n d  
examin ing  each one i n d i v i d u a l l y .  

RE 5U LTS 

Obse rved  mass b a l a n c e s  a n d  o i l  y i e l d s  3re p r e s e n t e d  i n  T a b l e s  2 a n d  3.  Y i e l d  d a t a  
c o r r e c t e d  t o  100% r e c o v e r y  f o r  o p e r a t i o n a l i y  s t a b l e  runs 33, 44 e n d  45 a r e  p r e s e n t e d  
i n  T a b l e  4 .  O v e r a l l  r e c o v e r i e s  f o r  t h e s e  runs xere 95- 96%. 

Because  o f  t h e  s m a l l  s c a l e  o f  o p e r a t i o n s  p e r f e c t  mass b a l a n c e s  were  v e r y  d i f f i c u l t  
t o  a c h i e v e .  O v e r a l l  mass b a l a n c e s  v a r i e d  f rom 82% t o  97%, r h e  p o o r e r  mass  b a l a n c e s  
b e i n g  p a r t l y  e t t r i b u t a b l e  t o  o p e r a t i o n a l  p r o b l e m s  s u c h  a s  l e a k s ,  n e c e s s a r i l y  h a s t y  
r e m e d i a l  a c t i o n  t o  c l e a r  b l o c k a g e s  i n  t h e  f e e d  s l u r r y  c i r c u l a t i n g  s y s t e m ,  and l o s s e s  
when d i s c h a r g i n g  m a t e r i a l  i n  p r o c e s s  i n  o r d e r  t o  r e p l a c e  a b l o c k e d  p r e h e a t e r .  
D i s t i l l a t i o n  mass b a l a n c e s  ( i . e .  r e c o v e r y  o f  w a t e r ,  l i g h t  o i l ,  m i d d l e  a n d  vacuum 
d i s t i l l a t e s  and d i s t i l l a t i o n  r e s i d u e )  were  95 - 98% of  p r o d u c t  s l u r r y  f e d  t o  t h e  
d i s t i l l a t i o n  e q u i p m e n t .  Obse rved  o i l  y i e l d s  were  c o r r e c t e d  by a s s u m i n g  p e r f e c t  
r e c o v e r y .  Thus,  o b s e r v e d  o i l  y i e l d s  i n  t h e  r a n g e  31 - 44% f o r  o v e r a l l  9 5  - 96% 
r e c o v e r i e s  a r e  e s t i m a t e d  t o  be i n  t h e  r a n g e  42 - 55% a s s ~ m i n g  100% r e c o v e r y .  
b e l i e v e  t h a t  t h e  downs ide  error is  u n l i k e l y  t o  be  g r e a t e r  t h a n  5%, t h a t  i s  t h e  
a b o v e  o i l  y i e l d  r a n g e  i s  u n l i k e l y  t o  be  l e s s  t h a n  26 - 39%. 

Obse rved  d i s t i l l a t e  y i e l d s  f o r  runs w i t h  p o o r  o v e r a l l  r e c o v e r i e s  are  u n f o r t u n a t e l y  
s u s p e c t .  However, some c o n c l u s i o n s  c a n  be drawn w i t h  r e a s o n a b l e  c e r t a i n t y ,  namely:  

( a )  D i s t i l l a t e  o i l  y i e l d s  o f  up t o  55% c a n  be o b t a i n e d  f rom t h i s  c o a l  a t  c o n d i t i o n s  

High l e v e l s  o f  c a l c i u m  h a v e  b e e n  q u a l i t a t i v e l y  o b s e r v e d  i n  some of 

We 

a t t a i n a b l e  i n  t h i s  bench  u n i t .  

( b )  O i l  y i e l d s  were h i g h e r  when r e a c t a n t s  f l o w e d  t h r o u g h  0 0 t h  p r e h e a t e r  and  r e a c t o r  
( b o t h  a t  a b o v e  400dC) t h a n  t h r o u g h  e i t h e r  a l o n e .  
were  o b s e r v e d  p r o b a b l y  a s  t h e  r e s u l t  o f  d e g r a d a t i o n  a f  s o l v e n t  i n  t h e  h o t  
p r e h e a  t e r  . 

Some n e g a t i v e  o i l  y i e l d s  

( c )  S o l i d s  b u i l d i n g  up i n  t h e  p r e h e a t e r  t e n d e d  t o  r e d u c e  l i q u i d  y i e l d s  p r o b a b l y  
due  t o  d e c r e a s i n g  r e a c t i o n  volume.  

( d )  P r e h e a t e r  d e p o s i t s  t e n d e d  t o  form more r a p i d l y  a t  h i g h e r  t e m p e r a t u r e s .  

( e )  Added r e d  mud a n d  s u l f u r  improved  l i q u i d  y i e l d s  s l i g h t l y .  F u r t h e r  v e r i f i c a t i o n  
of  t h i s  e f f e c t  is u n d e r  way. 

PRODUCT CHARACTERISTICS 

L i g h t  o i l s  (IBP - 200OC) were  f o u n d  t o  c o n t a i n  19-3746 p a r a f f i n s ,  19-2796 n a f t e n e s ,  
26-50% a r o m a t i c  h y d r o c a r b o n s ,  a n d  9-14% o x y g e n a t e d  compounds ,  m a i n l y  p h e n o l s  a n d  
k e t o n e s .  T h i s  would s u g g e s t  t h a t  s u b s t a n t i a l  e x t r a c t i o n  a n d / o r  c a t a l y t i c  hydro-  
t r e a t m e n t  would be r e q u i r e d  t o  p r o d u c e  a s u i t a b l e  f e e d s t o c k  f o r  g a s o l i n e .  By 
c o m p a r i s o n  l i g h t  0115 d e r i v e d  f r o m  b l a c k  c o a l s  g e n e r a l l y  c o n t a i n  a b o u t  h a l f  a s  much 
o x y g e n a t e d  compounds. 

The h e a v i e r  o i l s  f rom which  a l i q u o t s  a r e  used  a s  r e c y c l e  o i l ,  c o n t a i n e d  s u b s t a n t i a l  
c o n c e n t r a t i o n s  o f  h e t e r o a t o m s  o f  which p h e n o l i c  h y d r o x y l  g r o u p s  a c c o u n t e d  f o r  70-90% 
o f  t h e  oxygen p r e s e n t .  The c o n c e n t r a t i o n  of  s a t u r a t e d  h y d r o c a r b o n s  i n c r e a s e d  up t o  
10% w i t h  s u c c e e d i n g  r e c y c l e  p a s s e s  w h i l e  a r o m a t i c s  a n d  s i m p l e  p o l a r  compounds 
r e m a i n e d  a p p r o x i m a t e l y  c o n s t a n t .  Branched  h y d r o c a r b o n s  were  p r e s e n t  i n  o n l y  v e r y  
s m a l l  amoun t s .  A f t e r  a b o u t  4 0 0  h o u r s  t o t a l  o p e r a t i o n ,  i n d i c a t i o n s  were t h a t  3040% 
of  t h e  o r i g i n a l  s t a r t i n g  s o l v e n t  componen t s  r e m a i n e d .  I n  o t h e r  w o r d s ,  t h e  o r i g i n a l  
s t a r t i n g  s o l v e n t  ( m i l d l y  h y d r o g e n a t e d  c r e o s o t e )  i s  f a i r l y  s t a b l e  a t  t h e s e  hydro-  
g e n a t i o n  c o n d i t i o n s  and  t h u s  it m e r e l y  becomes d i l u t e d  w i t h  e v e r y  s u c c e e d i n g  r e c y c l e  
p a s s .  
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CONCLUSION 

I t  is i m p o r t a n t  t o  r e c o g n i s e  t h a t  t h e s e  data  were g e n e r a t e d  on a small  b e n c h  u n i t  
a n d  a r e  i n d i c a t i v e  o f  t r e n d s  drld l i k s l y  r n n g e s  o f  uil y i e l d s .  T h e s e  r u n s  h a v e  
p r o v i d e d  v a l u a b l e  e x p e r i e n c e  e n a b l i n g  us t o  b e t t e r  pl .sn f u t u r e  improvements  t o  
i m p r o v e  mass b a l a n c e s  a n d  y i e l d s .  Howi . ,er ,  we z c l r r v e  t h a t  2 t  t h i s  s m e l l  s c a l e  
t h e  b e s t  r s c o v e r i e s  e c h i e v - ? b i s  e r e  ' ~ 8 %  : ; I I  '*ad s l u r r y ,  t h a t .  1 s  95-96$ on f e e d  coill.  
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TA!?LE 1 .  

Run C o n d i t i o n s  

D u r a t i o n  Brown S t a  r t i n g  
5 o l v r n t /  

i u a  1 
P a t i o  

Cs t a  l y s t  
9'. c o a l  

4 . 3  

S o l v e n t  h C o a l  f e e d  
Runs 

Cq 

33  9 8  2 5  100 % MHC i .6e  : 1 

if5 f r o m  p r e v i o u s  2 . 0  : 1 

44A, B 1 0 0  1 '2 49% MHC ? . C S  : 1 

34-36 31 1 85 lOC% MHC t h e n  I .7 :  - 0 - 1 . 2  

r u n s  

4 . 0  1 5::~: RS f r o m  
p r e v i o u s  r u n s  i 

45 C 6  35 tGC$ AS f r o m  1.80  : 1 4 . 0  i 
! Run 48 

MHC = m i l d l y  h y d r o g e n a t e d  c r e o s o t e  
RS = r e c y c l e  s o l v e n t  
C a t a l y s t  = ::;A rea mud -, 2 5 1  e l e m e n t a l  s u i i u r .  _-. 

TABLE 2 .  

U n i t  C o n f i q u r a t i o n  a n d  P r e h e a t e r  B e h a v i u u r  

r 1 5 1 1 t Z . .  L C L  nr tL C U I  

5 t.7 t u  5 
T e m p e r a t u r e  

C 
S t a t u s  T1nla to 

Runs T e m p e r a t u r e  
C b l o c k ,  h 

33 4 5 0  I n  71 425 I n  
34A 450 I n  OU z 
348 450 I n  89  42 5 I I1 

35A 450 I n  53  425 183 
35B 450 !n 26 - a,, t 
36A 450 I n  lib ; 
368 450 I ri S O  370 I n  
36C U u t  42 5 I n  
44A 435 I n  59 430 I n  
448 41 0 i n  - 430 I ri 
45 41 0 I n  a 6  * 430 1 r. 

- - 

- - 
- - 

* B l o c k a g e  c l e a r e d  by  imposed  e x c e s s  p r e s s u r e  d r o p .  
A l l  o t h e r  b l o c k e d  p r e h e a t e r s  c o u l d  n o t  h e  c l e a r e d  
a n d  were t h e r e f o r e  r e p l a c e d .  
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TABLE 3. 

Mass B a l a n c e s  a n d  Y i e l d s  

O b s e r v e d  
Mass Balance C l o s u r e  on T o t a l  F e e d s  (%)  D i s t i l l a t e  

Run Y i e l d  

C o a l  
$ d . a . f .  D i s t i l l a  t i o n  O v e r a l l  C o n t i n u o u s  

Reactor  

33 
34A 
34B 
35A 
35B 
36A 
368 
36C 
44A 
44B 
45 

100.1 
85 
84 
89 
95 

101.4 
98.0 
89 
97.4 
97.6 
98.3 

94.7 
97.9 
97.6 
96.5 
98.7 
98.6 
97.2 
98.2 
97.4 
97.4 
97.8 

95  
a3 
a2 
86 
94 
9 7  
95 
87  
95 
95 
96 

44 
-1 6 
- 5  
- 2  

3 
-1 1 
- 7  

11 
31 
38 
32 

TABLE 4 .  

Y i e l d s  C o r r e c t e d  t o  100% R e c o v e r y  

Run 33 44A 448 45 

I N  - 
C o a l  ( d . a . f . 1  
Hydrogen consumed 

1 0 0  
6 

1 0 0  
1 0  

OUT - 
C1 - C4 h y d r o c a r b o n s  

H e t e r o g a s e s  
G e n e r a t e d  Water  
L i g h t  O i l  (IBP - 200°C) 
Middle  D i s t i l l a t e  (200 - 320OC) 
Vacuum D i s t i l l a t e  ( 3 2 0  - 550oC) 
D i s t i l l a t i o n  R e s i d u e  ( d . a  . f .  ) 

co, c02 

Net d i s t i l l a t e  O i l  Y i e l d ,  
$ d . a . f .  c o a l  

106 - 

1 3  
12 

2 
12 
1 0  
28  
17  
12  

106 

- 
- 

55 

1 1 0  - 
'1 7 
1 7  

1 
1 3  
1 3  
25 

7 
1 7  

1 1 0  

- 
- 

45 

1 0 0  
12 

112 
- 
- 

1 3  
1 4  

1 
12  
1 0  
29  
1 3  
20 

112 

- 
- 

52 

100 
7 

107 

- 
- 

11 
15 

3 
15 
1 0  
22 
10 
21 

107 

- 
- 

42 
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r rgy ,  Off ice  of Foss i l  
Fuel Programs, Div is ion  of F o s s i l  Fuel Processing, Mail Stop E338/Gtwn, Washington, DC 

The ob jec t ive  of  DOE'S Disposable Ca ta lys t  Program i s  t o  u t i l i z e  the  mineral  mat te r  i n  
coa l  or other  inexpens ive  n a t u r a l l y  occurr ing  o res  a s  coa l  l i que fac t ion  c a t a l y s t s  which 
w i l l  s u b s t a n t i a l l y  reduce hydrogen consumption and inc rease  s e l e c t i v i t y  t o  l i qu ids .  
Fundamental and app l i ed  research  work performed i n  seve ra l  l a b o r a t o r i e s  has been coordi-  
nated i n t o  an  in t eg ra t ed  program. Research in  the  a rea  of coa l  minera ls  has shown t h a t  
p y r i t e s  and p y r r h o t i t e s  a r e  a c t i v e  and e f f e c t i v e  c a t a l y s t s  f o r  t h e  hydro l iquefac t ion  of 
coa l s  e x h i b i t i n g  both  hydrocracking and hydrogenatcon f u n c t i o n a l i t i e s .  
have shown t h a t  p y r i t e  o r  p y r r h o t i t e  add i t ion  improves coa l  convers ion  a s  wel l  as  prod- 
uc t  s e l e c t i v i t y ,  i .e. ,  a 5 w t %  p y r i t e  add i t ion  inc reases  t h e  conversion of coa l  t o  
benzene so lubles  product equ iva len t  t o  25O C ope ra t ing  temperature inc rease  and t o  d i s -  
t i l l a t e  product equ iva len t  t o  20° C opera t ing  temperature increase .  

a t t r i b u t e d  t o  d i f f e r e n c e s  i n  morphologies of  t h e  p y r i t e s  and/or  a r e  r e l a t e d  t o  d i f f e r e n t  
inherent  sur face  a r e a  of t h e  p y r i t e s .  

P y r i t e s  from minera l  depos i t s  show i n  genera l  lower c a t a l y t i c  a c t i v i t y  than coa l -  
ex t r ac t ed  py r i t e s .  

The c a t a l y t i c  r o l e  of c o a l  minera l  c l ays  and t h e i r  e f f e c t  on t he  p y r i t e - p y r r h o t i t e  
c a t a l y t i c  system i s  be ing  s tud ied .  

Batch experiments 

P y r i t e s  from va r ious  c o a l s  provide  d i f f e r e n t  l e v e l s  of  c a t a l y t i c  a c t i v i t y  which are 
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THE MECHANISM OF HYDROGEN TRANSFER FROM OIALIN DONORS, D.H. Bass and P.S. Virk, 
Department of Chemical Engineering, Massachusetts I n s t i t u t e  of Technology, Cambridge, 

We report experiments concerning the t ransfer  of hydrogen from the two d i  hydronapth- 

:;? 02181 

alene isomers, namely AI-d ia l in  andbzdia l in ,  t o  two polynuclear hydrocarbon acceptors, 
namely anthracene and phenanthrene. These substrates  were chosen both to  model some of 
the hydrocarbon moieties involved i n  coal l iquefact ion as well as t o  t e s t  our hypothesis 
tha t  the hydrogen t ransfer  occurs by a concerted per icyc l ic  reaction. 
Hoffmann rules f o r  orb i ta l  synnnetry conservation then suggest tha t  hydrogen t ransfer  to  
anthracene should be thermally-allowed fromA2-dialin but forbidden from A1-dialin; how- 
ever hydrogen t ransfer  t o  phenanthrene should be thermally-allowed from AI-dialin b u t  for- 
bidden from A2-dialin. The experiments were conducted i n  tubing bomb reactors  i n  the  tem- 
perature range 240 C t o  430 C ,  a t  times from 5 t o  960 minutes and donor-to-acceptor mol 
ra t ios  from 0.25 t o  16. 
acceptor, w i t h  second order  ra te  constants, loglok ( l i ter /mol  s )  tabulated below: 

Acceptor t 

Phenanthrene 400 C -4.0 -5.5 - 5 . i  
The experimental resu l t s  evidently accord w i t h  the  theore t ica l  predictions f o r  a pericy- 
c l i c  hydrogen-transfer. 

The  Woodward- 

Reactions were essent ia l ly  f i r s t  order  i n  each of donor and 

Donor + AI-dialin A2-dialin t e t r a l i n  

Anthracene 300 C -5.1 -3.0 -6.1 
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COMPARISON OF METHODS FOR THE DETERMINATION OF 
ASPHALTENES, OILS AND INSOLUBLES - ?ART I1 

Hyman Schul tz  and Margaret J.  M i m a  

U. S .  Department of Energy 
P i t t sbu rgh  Energy Technology Center 

4800 Forbes Avenue, P i t t sbu rgh ,  PA 15213 

INTRODUCTION 

According t o  S ternberg  e t  a l . ,  a spha l t enes  are h igh  molecular weight 

compounds which a f f e c t  t h e  v i s c o s i t y  of products  from c o a l  convers ion  pro- 

ces ses  (10) and may be t h e  in t e rmed ia r i e s  i n  t h e  format ion  of o i l  from coal  

( 3 ,  6 ,  1 2 ) .  Asphaltenes have t r a d i t i o n a l l y  been def ined  by t h e i r  s o l u b i l i t y  

p rope r t i e s .  A knowledge of t h e  concen t r a t ion  of a spha l t enes  i n  coal-derived 

o i l  i s  o f t e n  h e l p f u l  t o  t h e  engineer  i n  eva lua t ing  hydro t r ea t ing  processes.  

S tud ie s  of c o a l  hydrogenation a t  DOE'S P i t t sbu rgh  Energy Technology Center 

(formerly P i t t s b u r g h  Energy Research Center ,  Bureau of Nines) over t he  years  

o f t e n  depended on the  de te rmina t ion  of a spha l t enes  ( 5 ,  11, 1 2 ) .  However, 

t h e r e  i s  no s t anda rd  method f o r  t he  de te rmina t ion  of a spha l t enes  i n  t h e  

products  from c o a l  conversion, nor is t h e r e  any known r e l a t i o n s h i p  between 

a spha l t ene  va lues  produced by the  a n a l y t i c a l  methods c u r r e n t l y  i n  use .  

Therefore,  one cannot w i th  any degree  of conf idence  compare t h e  a spha l t ene  

con ten t  of c o a l  der ived  l i q u i d  f u e l s  t h a t  a r e  analyzed by d i f f e r e n t  methods. 

A t  p resent ,  every  l a b o r a t o r y  has  developed i ts  own procedure f o r  determining 

a spha l t enes  i n  coal-derived m a t e r i a l s .  

3 

In orde r  t o  a s c e r t a i n  i f  t h e  d i f f e r e n t  methods used t o  determine as- 

pha l tenes  i n  coal-derived materials produce s i g n i f i c a n t l y  d i f f e r e n t  r e s u l t s .  

a s tudy  was i n i t i a t e d  a t  t h e  P i t t s b u r g h  Energy Technology Center aimed a t  

o b j e c t i v e l y  comparing f i v e  d i f f e r e n t  methods c u r r e n t l y  used t o  ana lyze  such 
i 
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I 

m a t e r i a l s  fo r  a spha l t enes ,  o i l s  and i n s o l u b l e s .  P a r t  I of t he  s tudy  in- 

volved the  use of a hydro l ique fac t ion  product of i n t e rmed ia t e  a spha l t ene  

conten t  a s  a t e s t  ma te r i a l  and was  r epor t ed  p rev ious ly  ( 7 ) .  P a r t  11 of t h e  

s tudy  is repor ted  h e r e i n  and involves  the  use of a high a spha l t ene  conta in-  

ing  substance as t h e  test  m a t e r i a l .  

EXPERIMENTAL 

The experimental  methods used were t h e  same as those  employed i n  P a r t  

I ( 7 ) .  A s o l i d  product from t h e  Solvent  Refined Coal (SRC) p l a n t  of Fo r t  

L e w i s ,  Washington w a s  chosen f o r  t he  "standard" m a t e r i a l .  A l a r g e  sample of 

t he  SRC w a s  provided by the  Combustion Div is ion  a t  PETC and w a s  subsequent ly  

ground t o  pass through a 60-mesh sc reen .  Af t e r  thorough mixing, t h e  SRC was 

d iv ided  i n t o  f i v e  po r t ions  which were s to red  under n i t rogen  i n  sea l ed ,  dark  

g l a s s  b o t t l e s  u n t i l  used. 

The a n a l y t i c a l  procedures used were ou t l ined  p rev ious ly  ( 7 )  and w i l l  be 

descr ibed  i n  g r e a t e r  d e t a i l  i n  a f u t u r e  pub i i ca t ion .  

Method A h a s  been i n  use by t h e  Ana ly t i ca l  Chemistry Branch a t  PETC f o r  

years  f o r  rou t ine ,  h igh  volume work and r e q u i r e s  only  inexpensive equipment 

(5). No a t tempt  is made t o  keep t h e  sample o r  t he  v a r i o u s  f r a c t i o n s  from 

con tac t  wi th  t h e  a i r  s i n c e  chemical c h a r a c t e r i z a t i o n  of t h e  f r a c t i o n s  was 

no t  a cons ide ra t ion  i n  the  des ign  o r  use of t h i s  method. 

Method B w a s  developed i n  t h e  Molecular Spectroscopy Branch a t  PETC t o  

g ive  r ap id  r e s u l t s  w i th  a small number of samples and t o  produce f r a c t i o n s  

f o r  f u r t h e r  s tudy  (8) .  

Method C w a s  designed i n  the Process Sc iences  Div is ion  a t  PETC as a 

means of s tudying  t h e  cond i t ions  f o r  p r e c i p i t a t i o n  of a spha l t enes  and f o r  

prepar ing  f r a c t i o n s  f o r  f u r t h e r  s tudy  ( 2 ,  9 ) .  
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Method D w a s  developed a t  ARC0 as a means of prepar ing  f r a c t i o n s  f o r  

f u r t h e r  s tudy  ( 4 ) .  

Xethod E was designed a t  FXYON Research and Engineering Company a s  a 

p repa ra t ive  method (1). Due to  the  l i m i t e d  amount of sample a v a i l a b l e  and 

a f t e r  consu l t a t ions  wi th  the  o r i g i n a t o r s  of  the  method, a 25 gram sample 

s i z e  was employed in s t ead  of t h e  50 gram sample o r i g i n a l l y  s p e c i f i e d .  

RESULTS AND DISCUSSION 

The r e s u l t s  of t he  s tudy  a r e  shown i n  Table 1. Af te r  r e p l i c a t i n g  

method C a number of t imes it became apparent  t h a t  t he  r e s u l t s  va r i ed  so 

widely tha t  t he  method was no t  working w e l l  enough to  warran t  continued 

r e p l i c a t i o n .  I t  was concluded t h a t  t he  probable  cause of t he  observed 

v a r i a t i o n  was the  pass ing  of f i n e  p a r t i c l e s  through the  e x t r a c t i o n  thimble 

i n  a non-reproducible w a y .  T:i? r e s u l t s  f o r  rnethod C were t h e r e f o r e  l e f t  out 

of Table 1. 

The averages v a n  over almost a f a c t o r  of 2 f o r  i n s o l u b l e s  and asphal -  

t enes  and almost a f a c t o r  of 15 f o r  t he  o i l s .  The ranges  f o r  t he  r e l a t i v e  

s tandard  deviac ions  were 4 t o  97: f o r  t he  i n s o l u b l e s ,  6 to  15% f o r  t h e  as- 

pha l t enes  and 4 t o  40% f o r  t h e  o i l s .  

The sums of t h e  average  v a l u e s  of i n s o l u b l e s ,  a spha l t enes  and o i l s  f o r  

methods B,  D and E ( t he  o i l s  a r e  c a l c u l a t e d  by d i f f e r e n c e  in method A )  add up 

t o  more than 100%. 

v a l u e s  and 100% a r e  no t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  95% conf idence  

i n t e r v a l  f o r  methods B and D ( i t  i s  f o r  method E ) ,  t h e  f a c t  t h a t  a l l  t h r e e  

methods show sums of g r e a t e r  than  100% can be i n t e r p r e t e d  as evidence of 

s o l v e n t  r e t e n t i o n  i n  the f r a c t i o n s  ( t h e  use of n i t r o g e n  i n  these  methods 

would make ox ida t ion  an u n l i k e l y  exp lana t ion ) .  

While t h e  d i f f e r e n c e  between the  sums of the  average 
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In order  t o  determine i n  an o b j e c t i v e  manner i f  s i g n i f i c a n t  d i f f e r e n c e s  

e x i s t  betueen the  r e s u l t s  ob ta ined  from the  va r ious  ne thods ,  S t u d e n t ' s  "t" 

t e s t  was appl ied .  The r e s u l t s  ob ta ined  with methods A,  B ,  D and E were com- 

pared two a t  a time and i n  a l l  cases  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  

were found. 

Based on t h e  exper ience  gained dur ing  t h i s  s tudy  t h e  a n a l y s t s  involved 

made e s t ima tes  f o r  each method of t h e  e lapsed  time and man-hours necessary  

t o  complete a de te rmina t ion  and of t h e  expected product ion  r a t e .  They 

concluded t h a t  i n  a l l  ca ses  these  were not  a s  f avorab le  a s  those f o r  t he  

medium aspha l t ene  n a t e r i a l  i n  P a r t  I of t he  s tudy  ( 7 ) .  The d i f f e r e n c e s  were 

mainly due t o  the  d i f f i c u l t i e s  encountered i n  removing so lven t s  from the  

i n s o l u b l e  material and, i n  some cases ,  t he  o i l s .  

CONCLUSIONS 

This  study has  shown t h a t  m a t e r i a l s  high in aspha l t enes  a r e  more d i f -  

f i c u l t  t o  analyze f o r  t h e i r  a spha l t ene  conten t  than m a t e r i a l s  of moderate 

a spha l t ene  conten t .  Indeed, one of t he  t e s t  methods f a i l e d  completely t o  

work wi th  the  test sample. As au thor s  of t h e  method r e p o r t  (9)  success fu l ly  

apply ing  the  method t o  an SRC-I m a t e r i a l ,  i t  w a s  concluded t h a t  our  results 

were caused by e i t h e r  of  two th ings .  F i r s t ,  a l though t h e  s p e c i f i c a t i o n s  

s p e l l e d  ou t  i n  t h e  method were m e t ,  t he  Soxhle t  th imbles  were obta ined  f rom 

a d i f f e r e n t  manufacturer than  used by the  o r i g i n a t o r s  and t h e r e f o r e  may have 

been of a d i f f e r e n t  p o r o s i t y  a l lowing  f i n e  p a r t i c l e s  through. Second, t h e  

SRC used was d i f f e r e n t  than t h a t  repor ted  on and may have been ground to a 

d i f f e r e n t  average particle s i z e .  

Four of the methods worked b u t  were less p r e c i s e ,  r equ i r ed  more e f f o r t  

and produced ana lyses  a t  a lower r a t e  than they d i d  wi th  t h e  more t r a c t a b l e  

medium aspha l t ene  material. I n  s p i t e  of a l l  t h e  above, methods A,  B,  D and 
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E could be  used t o  ana lyze  high a spha l t ene  m a t e r i a l s  bu t  each w i l l  produce 

d i f f e r e n t  r e s u l t s  wi th  t h e  same material. C lea r ly  a s tandard  method is  

c a l l e d  f o r  bu t  whether one method can be devised  t h a t  w i l l  be  usab le  wi th  

c o a l  der ived  materials of widely vary ing  a spha l t ene  con ten t  is  problemat ica l .  

2 2  
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Table 1. Average of 20 r e p l i c a t e  analyses of a sample of SRC. 

% Inso lub le s  % Asphaltenes % O i l s  
Method '' 1s c 1s f 1s 

A 37 I 3 52 L 3 1 2  c 2 

B 58 c 5 4 3  t 6 1.5 0.6 

C See Text 

D 64 2 3 27 C 4 14 ? 2 

E 49 ? 2 34 ? 2 22.0 t 0.8 
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